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ABSTRACT 

This study detennined the content of minor trace elements in coal ash collected from a 
coal-fired thermal power plant using local coal from Sarawak, Malaysia. This is crucial for 
the. potential impact on the geoenvironment from its disposal and utilization. A fabricated 
model is designed to study the leaching characteristic of coal ash. The leachability of the 
constituents such as minor trace elements in the coal fly ash was studied. The parameters 
namely pH, cumulative release regarding the minor trace elements to duration was presented. 
The results showed that the pH solutions increased during the test. It might have resulted 
from the large buffering capacity of the coal ashes. Six elements namely Fe, Cu, Ni, Pb, Cr 
and Zn were detected in the all leachant solutions samples using the Atomic Absorption 
Spectrometer (AAS) test. The trace elements concentrations presents in coal ashes were 
compared with the concentration of minor elements in the Drinking Water Standard Quality 
by The Ministry of Health of Malaysia. The minor elements were found to be in 
concentrations that, if applied or inadvertently released into the environmental media, present 
.., 
a potential hazard and further necessary research in this regard is indicated. 
ABSTRAK 

Kajian ini menentukan kandungan unsur sampingan di dalam abu arang batu yang 
dikumpul dari sebuah stesen pembakar arang batu tenaga haba menggunakan abu tempatan 
dari Sarawak, Malaysia. Ini adalah penting untuk kesan potensi terhadap alam sekitar 
daripada pembuangan dan penggunaannya. Sebuah model telah direka dan dibina untuk 
mengkaji pencirian sifat larut resap abu arang batu. Kebolehan larut resap juzuk misalnya 
unsur-unsur sampingan dalam abu terbang arang batu telah dikaj i. Parameter-parameter 
seperti pH, pembebasan kumulatif unsur sampingan terhadap tempoh masa telah 
dipersembahkan. Keputusan menunjukkan bahawa larutan pH meningkat sepanjang ujian. 
Hal ini mungkin hasil daripada kapasiti penampan yang besar bagi abu arang batu. Enam 
unsur seperti Fe, Cu, Ni, Pb, Cr dan Zn telah dikesan dalam semua sampellarutan luluh larut 
menggunakan kaedah Atomic Absorption Spectrometer (AAS). Kepekatan unsur sampingan 
yang berada di dalam abu arang batu akan dibandingkan dengan kepekatan unsur sampingan 
di dalam Piawaian Qualiti Air Minuman oleh Kementerian Kesihatan Malaysia. Unsur 
sampingan telah dikesan berada dalam kepekatan yang, kalau diaplikasikan atau dilepaskan 
di dalam media alam sekitar, hadir satu potensi merbahaya dan kajian lanjut perlu dalam 
perkara ini telah ditunjukan. 
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1.1 Background of Study 
A landfill is a site for the disposal of waste materials by burial and is the oldest 
form of waste treatment. Landfill is the common methods of organized waste 
disposal such as the coal ash and remains in many places around the world. Landfills 
may include internal waste disposal sites as well as sites used by many producers. 
Many landfills are also used for other waste management purposes, such as the 
temporary storage, consolidation and transfer, or processing of waste material 
(sorting, treatment, or recycling). A landfill also may refer to ground that has been 
filled in with soil and rocks instead of waste materials, so that it can be used for a 
specific purpose, such as for building houses. Unless they are stabilized, these areas 
may experience severe shaking liquefaction of the ground in a large earthquake. 
More than 150 million tons of coal ash which consists of fly ash, bottom ash 
and lagoon ash is produced annually worldwide from the combustion of coal in 
power plants. At least a half of this amount is disposed of by landfill, thus 
contributing to environmental pollution due to leaching of its toxic constituents. 
Disposal of huge amounts of coal ash in landfills and surface impoundments or its re­
use in construction materials is of environmental concern. While much effort has 
been devoted to the problem of leaching of heavy metals from disposed fly ash, the 
release of non-metals has attracted considerably less attention. Of these, arsenic, 
selenium, and boron stand out as potentially harmful to both vegetation and animals. 
Coal combustion waste has become a very important environmental problem 
due to their leachable toxic trace element contents. When these elements leach, they 
cause serious atmospheric and subsurface contamination. Fly ash and bottom ash 
from coal fired thermal power plants are known to contain several toxic elements, 
such as Pb, Zn, Cd and Cu (Gehrs et aI., 1979). The solid waste produced from 
landfills is then transported to a karstic and fractured dolomitic and cherty limestone 
disposal site. Thus, the amount of the toxic elements has to be known in order to take 
appropriate measurements to prevent underground water contamination due to water 
flow through the fractures. 
Increasing production of fly ash, from the coal based thermal power plants, is 
posing a challenging problem in terms of its safe disposal and proper utilization. One 
of the most attractive utilization options of the ash is using it as a landfill material. 
However, fluctuating water table and rainwater interacts with the fly ash, in the 
landfills, and results in leaching of toxic heavy metals or trace elements present in it. 
In the due course of time, this causes contamination of the subsurface soil and the 
ground water. As such, it becomes mandatory to characterize the fly ash along with 
identification of its leaching characteristics, for adoption of an efficient disposal 
strategy. The paper deals with details of new sequential batch leaching tests, which 
simulate leaching of fly ash from the landfills, as a result of continuous dumping of 
the ash. Fly ash, produced profusely by thermal power stations, continues to call 
attention requiring alternative solution for their disposal. Its contribution to 
pozzolanic reactions has been known for quite some time and is the focus of 
researchers for potential use as admixtures in stabilisation of soils (Joshi, 2000). The 
behaviour of soils obtained from various parts of the world is being studied by 
mixing the soils with fly ash alone or along with additives, to improve their 
properties and also to increase utilisation (Indraratna and Kuganenthira, 1991; 
Indraratna et aI., 1991 a; Sivapullaiah et aI., 1996;Consoli et aI., 2001; Cokca, 2001). 
Bulk utilisation of fly ash can significantly reduce the high cost of its disposal while 
tackling a major environmental problem. The properties of weak/problematic soils 
that otherwise require costlier replacement can be made suitable, thereby saving 
precious construction cost and time. Promoting the safe use of fly ash and at the 
same time enlightening people about the possible environmental risks is a desired 
societal goal. However, a major concern is that the toxic contaminants in fly ash, 
particularly heavy metals, and the leachate generated from the stabilised material 
may pollute the groundwater beyond the allowable limits set by World Health 
Organization, Drinking Water Quality, and EPA. In recent years, several 
investigations on leaching characteristics of metals from soil-fly ash mixtures have 
been carried 0 ut. 
1.2 	 Statement ofProblem 
There are some issues and problems regarding the dumping of the coal ash at 
the landfills. The issues and problems includes the following 
i) The leaching of trace elements from the coal ash into the soil ground. 
ii) The concentrations of the trace elements that leachate into the soil. 
iii) The health effects of environmental contaminants cause from the leaching 
ofthe trace elements. 
iv) The effects of the high concentrations of trace elements on the plantation 
and aquatics. 
1.3 	 Objectives of the Study 
The aimed of the study is to identify the leaching characteristic ofcoal ash from 
landfills. The specific objectives of the study include the following:­
i. 	 To develop a model to test the concentration of the trace elements in 
the coal ash from the landfills. 
11. 	 To study the trace elements present ill the coal ash and its 
concentration. 
iii. 	 To compare with the standard of the safe drinking water. 
iv. 	 To study the liquid to solid ratio effect for the coal ash. 
1.4 Scope ofthe Study 
To examine and analyze the current issues and problem of the study, in relation 
to:­
L The leaching characteristic of the coal ash at the landfills. 
ii Controlling the dumping of the coal ash at the landfills. 
iii. Develop a model to test the coal ash from the landfills and obtain the type of 
elements and percentage of elements in the coal ash. 
iv. Comparing the percentage of the elements in the groundwater with the 
standard ofthe Safe Drinking Water. 
CHAPTER 2 

2.0 LITERATURE REVIEW 

2.1 Introduction 
The leaching is the process by which the soluble matter is dissolved in 
groundwater and carried downward and radically through the soil. It is essential to 
have reliable information on coal ash and its leaching characteristic for the landfills. 
The amount ofcoal ash and its hazardous impact on the environment, produced from 
the coal ash fired thermal power plants is continuously increasing. This poses a very 
challenging task to the environmentalists and working professionals to evolve proper 
coal ash disposal and utilization strategies. Solid waste is the by-product of human 
activities, as long as there is production and consumption, residual material will be 
generated. These residual materials can be reused, recycled or reclaimed for energy 
and nutrients. Otherwise these elements will ultimately be released to the 
environment either to the sea, the land or the atmosphere. The environment has the 
capacity to dissolve these residual materials and transforms them into harmless 
materials or nutrients over a period of time. When the waste amount outstrips the 
ability of the environment to assimilate, it will pose hazard to the environment as 
well as human. The current approaches to solid waste management by large are 
unsustainable. The important in the project studies is the trace elements that contains 
